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Advances in the pollination biology of South African plantsFloral adaptation to animal or abiotic pollination agents is
considered to have been a key basis for the morphological
diversification of angiosperms (Eriksson and Bremer, 1992).
Pollination is also ecologically important as it is an essential
component of reproduction through seeds for the overwhelming
majority of plant species (Knight et al., 2005). An indication of
the central position that pollination research has assumed in
botany in recent decades is that almost 20% of the papers
published in general botanical journals over the past 5 years
have dealt with this subject, e.g. American Journal of Botany
(19.5%), Annals of Botany (13.9%), and International Journal
of Plant Sciences (17.9%) (source: ISI Web of Science search
for the keyword “Pollinat*” on 1 August 2009).
Pollination biology – a field that seeks to understand the
quintessential feature of angiosperms, their flowers – is a
significant and growing research field in South Africa (Johnson,
in press). Not only does this country have one of the world's
richest repositories of plant species (c. 20000), but they are also
easily accessible in grassland or shrubland vegetation, unlike in
the tropics where high percentage of the plants are in the
rainforest canopy and thus out of reach for practical field studies.
In addition the spectacular in-situ radiation of clades such as the
Ixioideae and Nivenioideae (Iridaceae), the Disineae and
Coryciinae (Orchidaceae), and the Proteae (Proteaceae) provide
unparalleled scope for evolutionary studies. South African
authors contributed almost 4% of the world total of 5432 papers
published in the field of pollination biology over the past 5 years,
up from 2.3% of papers between 1990 and 1995 (ISI Web of
Science search for the keyword “Pollinat*” and address “South
Africa” on 1 August 2009). These figures are particularly
significant given that South African authors overall contributed
only ca. 0.48% of the world science publications in the past
5 years (source: ISI Web of Science).
Despite the strength of pollination biology in South Africa,
only 20 (4.9%) of the 405 papers published in the South African
Journal of Botany over the past 5 years have dealt with this
topic. It is thus significant that this Special Issue of the South
African Journal of Botany contains 23 papers that cover diverse
aspects of the pollination biology of South African plants. These
papers are authored by a range of South African and
international authors who have been drawn to do research in
South Africa because of its biological richness, particularly the0254-6299/$ - see front matter © 2009 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2009.09.003wealth of specialized pollination systems that have been
identified in the region.1. From Darwin to the present
Darwin's books on natural selection (Darwin, 1859), orchid
pollination (Darwin, 1862) and plant breeding systems (Darwin,
1877) provided the evolutionary framework for pollination
biology, and had a major influence on Victorian settler
naturalists in South Africa. The approach at that time was to
study “functional morphology” on the understanding that if a
function for traits could be identified, then it could be assumed
that evolution through natural selection was the logical
explanation (but see Gould and Lewontin, 1979). Several
papers on the functional morphology of flowers written by
South African-based naturalists were sent to Darwin, who
facilitated their publication in journal of the Linnean Society.
Some of the more remarkable contributions of this period were
made by JP Mansell Weale, an English naturalist based in the
eastern Cape (cf. Weale, 1873), Mary Barber (nee Bowker), an
1820 settler based in Grahamstown (cf. Barber, 1869) , and
Roland Trimen the first curator of the South African Museum in
Cape Town (cf. Trimen, 1864).
Pollination biology declined in South Africa after its initial
blossoming in the Darwin era, and, with a few exceptions
(Marloth, 1895; Garside, 1922), did not attract further serious
study until Stefan Vogel's expedition to South Africa in 1951
which led to the publication of his landmark monograph on
pollination syndromes in the South African flora (Vogel, 1954).
There was little sustained activity in the field of pollination
biology between 1950 and 1980, although notable exceptions
were the collaboration byDelbertWiens and JohnRourke that led
to the discovery of pollination by rodents in the Proteaceae
(Wiens and Rourke, 1978) and the investigation of stylar
polymorphisms in South African plants by Ornduff (1974). The
1980s saw a focus on pollination interactions between birds and
fynbos plants (cf. Rebelo et al., 1984), the publication of several
papers on interactions between oil bees and plants in the
Scrophulariaceae and Orchidaceae (cf. Vogel, 1984; Manning
and Brothers, 1986; Steiner and Whitehead, 1988), and an edited
volume on pollination biology in the Cape fynbos (Rebelo, 1987).ts reserved.
626 EditorialFrom 1990 to the present there has been a marked increase in
pollination biology research in South Africa. Most notable have
been the intense research efforts devoted to documenting
pollination systems in the Iridaceae (reviewed by Goldblatt and
Manning, 2006) and Orchidaceae (cf. Steiner, 1989; Johnson
et al., 1998; Pauw, 2006), the recognition of highly specialized
pollination guilds involving butterflies, monkey beetles, long-
proboscid flies, and oil bees (reviewed by Johnson and Steiner,
2003) and bimodal pollination systems, which are specialized
but involve two pollinator species from different functional
classes (Manning and Goldblatt, 2005), demonstration of floral
mimicry (cf. Johnson et al., 2003), and recent studies which
have tested concepts of coevolution (Anderson and Johnson,
2008; Pauw et al., 2009).
These advances are a result of studies of pollination systems
in relatively few families in the southern African flora.
Pollination biology is still in an exploratory phase, with new
plant–pollinator interactions being discovered on a regular
basis. Solid documentation of pollination systems is an essential
first step towards the broader goal of understanding the role that
pollinators play in plant evolution and ecology. Most of the
papers in this special issue represent the initial description phase
and will thus form a foundation for more synthetic studies in the
future. The papers can be loosely grouped into five themes:
identifying effective pollinators, the pollination landscape, quan-
tifying floral advertisement and rewards, novel plant breeding
systems, and third-party interactions.
2. Identifying effective pollinators
One of the major challenges in pollination biology is to
distinguish between mere flower visitors and effective pollina-
tors, and then to identify which of these pollinators are most
effective and therefore likely to account for the evolution of
floral traits.
2.1. Insect pollination systems
In their study of 21 large-flowered grassland wildflower
species, Johnson et al. (2009-this issue) conclude that long-
tongued solitary bees are the most important pollinators of this
group of plants. This was based on an index of pollinator
importance derived from observations of visitation frequencies
and the amount and purity of pollen loads. Potgieter et al. (2009-
this issue) propose that the sigmoid-shaped corolla in many
members of the genus Plectranthus is an adaptation to the
curved mouthparts of their bee pollinators. They also speculate
that the sigmoid corolla shape may act as a morphological filter
that excludes some insects which are not effective pollinators
from gaining access to the nectar.
Three studies in this issue directly address the correspondence
between floral syndromes and observed pollinators. De Merxem
et al. (2009-this issue) found that solitary bees were the main
visitors in several populations of the very long-tubed flowers of
Tritoniopsis revoluta (Iridaceae). Although this species is
seemingly adapted for pollination by long-proboscid flies, these
were absent frommost populations. In the absence of flies, nectarwells up to themouth of the flower where it becomes accessible to
the shorter-tongued bees. Bees often visit flowers of aloes with
“ornithophilous flowers”. Symes et al. (2009-this issue) demon-
strate that honeybees are effective pollinators of the seemingly
bird-adapted flowers of Aloe greatheadii var davyana. On the
other hand, Botes et al. (2009-this issue), show that two grassland
aloe species with short-tubed weakly-scented flowers are
pollinated exclusively by bees, a case of correspondence between
the floral syndrome and observed pollinators.
Pollination by beetles is suspected to occur in all species in
the African cycad genus Encephalartos, although critical
experiments have been conducted on just two species. Suinyuy
et al. (2009-this issue) demonstrate that three cucujoid and
curculionid beetle species are effective pollinators of the cycad
Encephalartos friderici-guilielmi. The authors introduced
fluorescent dye particles to male cones to track pollen flow
and found that these beetles deposited the particles on ovules
and also that the addition of pollen-laden beetles to bagged
cones resulted in increased seed production.
The Asclepiadaceae is one of the larger plant families in
South Africa and has flowers which rival the orchids in their
complexity. Shuttleworth and Johnson, (2009-this issue) report
pollinators for 15 asclepiad species. Eight of these species were
found to have a highly specialized spider-hunting wasp
pollination system. Three were pollinated by cetoniid beetles,
while various fly and bee pollination systems accounted for the
remaining species. These findings add to the growing evidence
that asclepiads in South Africa tend to have unusually specialized
pollination systems.
2.2. Vertebrate pollination systems
South Africa, like Australia, has a high percentage of the
flora which is adapted for pollination by either birds or
mammals. Papers in this special issue demonstrate that bird
pollination systems in South Africa can be more complex and
varied than was previously realized.
Geerts and Pauw (2009-this issue) propose that there are two
distinct sunbird pollination guilds in the south-western Cape.
One involves short-billed birds and the other the long-billed
Malachite sunbird. They show that plants tend to partition these
two pollinator groups according to their flower dimensions and
that this is manifest as a bimodal distribution in flower tube
length for bird-pollinated plants in the region. As evidence that
short-billed birds are excluded from legitimately obtaining
nectar from long-tubed flowers, they present evidence that these
long-tubed flowers tend to be robbed by short-billed sunbirds.
Using exclusion experiments and data on pollen loads from
mist-netted birds, Brown et al. (2009-this issue) demonstrate the
existence of pollination by short-billed generalist birds in a high
altitude Kniphofia species. The most common flower visitor,
unexpectedly, was the Drakensberg Siskin, a bird species that
was not previously thought to be a significant flower visitor.
Wester et al. (2009-this issue) document a new case of rodent
pollination in the lily Whiteheadia bifolia. Their study is
significant because it includes directs observations and photo-
graphs of rodent flower-visiting activity in the field, the first time
627Editorialthis has been achieved. Another case of rodent pollination is
documented in Protea nana by Biccard and Midgley (2009-this
issue). The flowers of this protea are presented in the canopy
rather than ground level and, from behavioural observations and
pollen load analyses, the authors identify the small rodent Myo-
myscus verreauxi which is an adept climber as the most effective
pollinator. However, inflorescences from which rodents were
excluded still set seed, suggesting that insects also play a role in
the pollination of this species.
3. The pollination landscape
The biodiversity of invertebrates is not as well understood as
that of plants, and this applies even to the relatively well-studied
bees. The paper by Kuhlmann (2009-this issue) is an important
synthesis of what is known about the biogeography of bees in
southern Africa. His paper identifies two largely non-overlapping
centres of diversity in the arid west and the moist east. Both these
centres have levels of endemism approaching 30%. The patchy
distribution of bees in South Africa could represent an important
geographical mosaic for pollinator-driven plant diversification.
The distribution of pollinators in the landscape can have
important implications for plant fecundity. Until now, nothing
was known about how habitat fragmentation might affect the
pollination interactions between rodents and flowers. Kleizen
et al. (2009-this issue) found no effect of population size or
abundance of rodents on seed set of Colchicum coloratum
which is largely a rodent-pollinated species. This plant species
is also partially selfing and the authors conclude that its
fecundity is unlikely to be strongly affected by the moderate
degree of habitat fragmentation that has occurred at their study
site.
4. Floral advertising and rewards
Most plants must manipulate the behaviour of animals for
pollination to be successful. To do this, they use a combination
of advertising strategies (floral colours and scents) and rewards
(typically nectar and pollen). Peter et al. (2009-this issue) show
that scent production in the orchid Habenaria epipactidea
coincides closely with the crepuscular activity schedule of its
hawkmoth pollinators. An important source of evidence for the
adaptive significance of nectar traits is the convergence of
nectar properties among plants that share the same pollinator.
Brown et al. (2009-this issue) show that nectar in a Kniphofia
species pollinated by short-billed generalist birds is very dilute
and hexose dominated, which is highly convergent with the
general pattern found in plants pollinated by these birds
(Johnson and Nicolson, 2008).
Cheating by both plants and animals is a common feature of
pollination systems. Sunbirds frequently act as robbers of the
nectar of flowers adapted for pollination by short-billed birds
(Brown et al., 2009-this issue; Coombs and Peter, 2009-this
issue). Coombs et al. (2009-this issue) show that toughened
perianth bases of Strelitzia reginae act as a barrier that limits
nectar theft by sunbirds, and would probably also function to
limit nectar theft by insects.A different kind of exploitation – that of animals by plants –
occurs in non-rewarding orchids. In a preliminary study of the
non-rewarding orchid Disa karrooica, Combs and Pauw (2009-
this issue) suggest that visits to the orchid by a long-proboscid
fly species are due to the overall resemblance of its flowers to
those of a sympatric Pelargonium species.
Evidence for pollination by cetoniid beetles in two non-
rewarding species of Eulophia is presented by Peter and
Johnson (2009b-this issue). These authors identify a number of
traits that are likely to represent adaptations to these beetles, and
suggest that mimicry of the shape and spectral reflectance of
flowers of rewarding species may have been an important factor
in the evolution of the flowers of these orchids.
The mutualism between figs and fig wasps is highly specific
and this is widely believed to bemediated by volatile compounds,
although very few data on fig volatiles exist. Proffit and Johnson
(2009-this issue) report species-specific volatile composition in
two closely related fig species that partition pollinators at sites
where they are sympatric.
5. Breeding systems
Breeding systems (the distribution of sexes in flowers and
ability to self-fertilize) and mating systems (realized rates of
outcrossing) are very poorly studied in South Africa. Two
papers in this special issue document the syndrome of floral
traits associated with heterostyly, an unusual breeding system,
first described in detail by Darwin (1877), in which there is
reciprocal positioning of anthers and stigma in flower on
different plants. Ferrero et al. (2009-this issue) show that
Plumbago auriculata is heterostylous and possess a genetic
heteromorphic incompatibility system. The pollen vectors of
this plant appear to be a combination of butterflies and tabanid
flies. Wolfe et al. (2009-this issue) similarly find a suite of
morphological traits associated with heterostyly in Sebaea
grandis. Using fluorescence microscopy, they find that the site
of incompatibility differs between morphs— intramorph pollen
being rejected on the stigma surface of the long-styled morph
and in the style of the short-styled morph.
Papers in this special issue cover the full range of plant
breeding systems, from obligate outcrossing to full selfing.
Johnson et al. (2009-this issue) found that the majority of the
plants they studied in a grassland wildflower community were
self-incompatible. At the other extreme, Peter and Johnson
(2009a-this issue) find evidence for autonomous self-fertilization
in several species of Eulophia (Orchidaceae) which are
characterized by very high levels of fruit set. Microscopic
examination of flowers showed that self-pollination occurs
when the rostellum is poorly developed, allowing contact between
pollinia and the stigmatic fluid.
6. Third-party interactions
Pollination biology was traditionally approached as the study
of two-way mutualisms between plants and their pollinators.
The reality is far more complex, and research is identifying
many important additional players, including herbivores and
628 Editorialfungi. In this volume, De Vega et al. (2009-this issue) show that
yeasts are a ubiquitous feature in the nectar of plants in South
Africa. These yeasts, which are transported from flower to
flowers by animals, can drastically alter the sugar concentration
of nectar (previously viewed as a plant-controlled trait) and thus
influence the foraging behaviour of pollinators. In another
elegant demonstration of a three-way interaction, Curran et al.
(2009-this issue) show that anther-smut fungi exploit the
mutualisms between Oxalis species and their pollinators. They
replace pollen of their host with their own spores which are then
distributed to other host plants on the bodies of insect flower
visitors. In a reversal of these roles, plants themselves often
exploit pollinators, one of the best known three-way interac-
tions being non-rewarding orchids that mimic the flowers of
rewarding species and thereby dupe their pollinators (Johnson,
2000; Combs and Pauw, 2009-this issue).
Taken together, these papers constitute a significant advance
in our understanding of plant–pollinator interactions in South
Africa. We hope that this special issue will enhance
appreciation of the intricacy of these interactions, which are a
critically important, yet easily overlooked part of the ecological
functioning of ecosystems.Acknowledgements
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